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In conducting the research reported here, the investigators
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AJBSTRACT

The virulence of Pasteureila Pestis was compared by the graded
and quantal response methods. Both tests reflected the difference
in virulence of cultures grown at three temperatures, Cultures
grown at lower temperatures gave the most variable response in
virulence tests and cultures grown at higher temperatures were more
virulent. Results from the graded reeponse test were obtained more
quickly and more economically than those from the quantal response test.

(
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I. INTRODUCTION

The virulence of Pasteurells, estis is measured most often by the

quantal response (LD•); however, the innate variability in this method
together wlth the variable response elicited by plague organisms,
particularly those grown at 26 to 28 C, often results in .data with wide
confidence limits. The graded response (median time to death) is another
method of determining virulence, a method that does not appear to have
been applied to the plague organiim. A comparison of the quantal and
graded response methods has been reported previously.1-4 This report
deecribes the use of the graded and quantal responses in comparing
the virulence of plague cultures grown at different temperatures.

II. MATERIALS AND METHODS

A. BACTERIAL STRAIN

Pasteurella Pestis strain L-37, obtained from the Microbiological
Research Establishment, Porton, England, was used in these studies. It
is virulent and, in its present unselected state, carries in it a low
level of avirulent cell types as determined by colony differentiation
on hemin agar and on magnesium oxalate agar.

B. CULTURAL CONDITIONS

The components of the liquid growth medium were N-Z Amine Type A,
3.0% (Sheffield Chemical, N-rwich, N. Y.); yeast extract, 1.07. (Difco);
K2HPO4, 0.47.; in tap wateý- ,i. pH 7.1 ± 0.1. Two per cent galactose
(final concentration) was added aseptically after sterilization. This
medium was used at a volume of 25 ml in a 250-ml Erlenmeyer flask to
which 1 ml of liquid culture was added as inoculum. Liquid cultures
wpre shaken for 24 hours on a reciprocating shaker (100 three-inch
strokes per min) at the desired temperature of growth.

Viable cells were counted by surface plating suitable dilutions
oH' t~ie bacteria on Difco blood a-ar base medium (BAB) suppleL,!nted with
2.i7. glucose and 0.04% sodium sulfite. The magnesium oxalate agar

S ,-.s described by Higuchi and Smith. 6  These two media were
14, after inoculation, for 40 to 48 hours, the BAB at 26 C and the
37 C. Tha i.-ocuiated hemin agar plates6 were incubated for 96

.?6 C'



ZIe cdituezt ~Usd for alij. p=rppses ~was coapased .of XA-Z Amin'e Iypv (0, .57,,
Awd N.*Cl,, 0.5,37 Ils i stil~led -watim et pJR 7,2,.

'C' TIRUJCZC. TI&8

The quantal response •as Aeteined 1y ntraperitozneal ijection (of
.Swiss-Wel'ster -.mice (1-6 to 20 gra"n) with 0,2 iml of suitable dilutions of
the rculture. Six doses ,ith .0 zice per dose wero used in eachb titration
sndp after 10 days,, the ID, was "cIculated accoxding to the method Pf
litchfield and '.W1oon,7

"The graded response was determined by lat:aperitoneal cballenge of
part of the same group of mice with0.5 =1 of s dilution .of the -culture,
Doses spaced one log apart, vith 10 mice per dose', -were ,used I.n each
titration. As a toxin 4ontrol, c.ulturo supernatat fluid, sterilzed by
filtration, was diluted to the least 1dilation used in the titration. And
used to cballenge mice, The vice vere vahecked 1hourly and then at zore
frequent intervals when Aeaths began to occur. The elapsed period $.etween
time of .challenge *nd the average of t.e time to death of the fifth and
sixth animals was takeu as the me&x time to death ,(QD).

Typical data in the comparison of the sraded and quanzal rerponse of
mice to P. e are shown in Tables I and 2. 'Table I .sbows that cell
yield and growth temperature share An inverse relationohip. A imore
direct relationship is indicated between growth temperature and-virulenze,
Swith the higher temperatures favoring virulonce in the organism. Growth
on .OX agar is comparable at all three temperatures, as is the percentage
pigmented on hemin agar.

Table 2 rhows 'dose and MTD for the graded response test. The results
are presented graphically in Figure 1, whicb shows that virulence of P.
pestis can be reliably determined iby the graded response in 10 to 40 hours,
far leas time than the 10 days ordinarily required for the quantal
response. As with the quantal response test, determinations by the graded
response show the greatest virulence and the least variability in response
in cultures grewn at higher temperatures. Variability of response of
cultures grown at 26 C is reflected not only in wider confidence limits in
the quantal test but also in the degree of scatter of the points on the slope
for the graded test, This variability is of some importance since,
according to the literature, most cultures are grown at 26 to 28 C to obtain
greater cell yield and in the belief that cultures are more stable at these
lower Lemperatures.
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TABLE 1. VIA3LE CELL ,COUNT, ý'ER MCENT DIFFERENTIAL RESPONSE
ON INDIATING MEDIA, .AND LD i ,OF •P. YESTIS GROWN

AT DIFFERENT 7wzP.RA1uREs

Growth Total Vi•ble !Count on :-MGOX Ylgmented on
Temperature, Cell Count, Agar, % of Remin Agar,

C 10ml total % of total DM, .cells

26 346 1; 23 74.6 6.7 (3.1-14.6)A/

31 202 3.96 575.0 5.5 (3.0-9.9)
37 45.6 2.85 73.3 0.6 (0.3-1.3)

a. 957. confidence limits,

TABLE 2. DOSE AND MEDIAN TIME TO DEATH OF HICE CHALLENGED
WITH P. PESTIS GROWN AT DIFFERENT TEMPERATURES

Growth Temperature
26 C 31 C 37 C

Log Dose MrD, hr Log. Dose 11TD, hr Log Dose WD, hr

9.238 <6.8- 9.004 <6
8.238 '12.4 8.004 11.6 E.358 8.0
7. 238 -. 0.:7 7.034 20.6 7.358 10.9
6.238 43.8 6.034 26.8 6.358 19.5
5.238 ,o 39.8 5.004 30.1 3.358 27.2
4.238 41.9 4.004 39.3 4.358 31.3
3.238 ,.7.8. ,3.004 ,45..0 3.358 39.7
2.238 58.3 2.004 5b.6 2.358 45.6
1.238 a! 1.004 91.1 1.358 56.0
0.238 0.004 ai 0. 3f,8 11 j. 0

a. Partial response - not -alculable.

f!rtr pŽartial slope his been eEtabl".shed by the gradee test for
"Lt-'..u ',et of experimental conditions, virulence level may be
'. 1 TCI wh a minimum. of five animals. This reduction in number

J,-, -,quired for the grraded test, as well as the shorter holding
.o. .et consIderaJ ly ncre economical than the quantai
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Figure 1. Dose and Graded Response of Nice to P. peti Grown at Different

Temperatures.
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